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x, y, z, . . .
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Program ::= PName = Component |
Component ||s Program
Component ::= CName = Expressions
Expressions ::= Expression | Expression ,Expressions
Expression ::= x = pre val y |
x = y when z |
x = y default z |
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data = msgIn default (pre 0 data)
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[[x = pre val y]] = {b|{x,y}|tags(b(x)) = tags(b(y)), b(x)(t(b(y)1)) = val,
∀i ∈    , b(x)(t(b(y)i+1)) = b(y)(t(b(y)i))}
[[x = y when z]] = {b|{x,y,z}|tags(b(x)) = tags(b(y))∩ {t|t ∈ tags(b(z))∧ b(z)(t) = true},
∀t ∈ tags(b(x)), b(x)(t) = b(y)(t)}
[[x = y default z]] = {b|{x,y,z}|tags(b(x)) = tags(b(y))∪ tags(b(z)),
∀t ∈ tags(b(x)), (b(x)(t) = (b(y)(t) ∧ t ∈ tags(b)(y)))∨
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data = (msgIn when (not full)) default
(pre 0 data)
full = (false when ∧msgOut) default
((true when ∧msgIn) default
(pre false full))
msgOut = data when (∧msgIn default full)
∧data = (∧msgIn default ∧msgOut) default ∧full
:vÉÅ¨_º«  _¬vÄÊ\ÖÉÊa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msgIn 1 2 3
full false true true true false
data 0 1 1 1 1 3
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f : T → T
ª« 

∀t, u ∈ T, t  u ⇔ f(t)  f(u)
∀t ∈ T, t  f(t)
∀x ∈ vars(b)dom(c(x)) = f(dom(b(x))) 
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Q = {d|X∪Y |∃(b, c) ∈ P × Q, d|X = b|X ∧ d|Y = c|Y }Öv
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ÉÌ©v !¬va©ÚÇÈÄÌÄÌ|ÖZ&=Êa¸ ? %
P ||
a
Q={d|X∪Y |∃(b, c) ∈ P × Q,
d\Y ≶ b\Y ∧ d\X ≶ c\X
∧b|X∩Y v d|X∩Y ∧ c|X∩Y v d|X∩Y }Ö
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P ∗ 	 Q∗  !
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P ∗ ||s Q















x ∈ vars(P )∩vars(Q)


























































P ||≤,a Q= {d|X∪Y |∃(b, c) ∈ P × Q,
d\Y ≶ b\Y ∧ d\X ≶ c\X
∧b|X∩Y v d|X∩Y ∧ c|X∩Y v d|X∩Y
∧∀x ∈ X ∩ Y, P ≤x Q ⇒ b|{x} ≤ c|{x}
























Q = P ||≤,a Q






























(P ||≤,a Q)\{x} =
((P [x/xP ] ||≤,a Q[x/xQ]) ||s AFifoxP →xQ)\{xP ,xQ}
  : ßÉÊ¬vº_ÐN¬ª«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ÇvÚÉÅ©gÄN_ÐN¬ª«_¬v/©gÉÊº_¬ÖÉÊg¨Ggª!iÛ|ÖËÉÌ¬ª
































vars(P ′) ∩ vars(Q′) = ∅
!ÞGÖÉÊmvvgÄÊ¨ÇÝ__ÄÊÄÅ ÉÊa¬©m·ÞÖÚ_ª«vÉÌÎª
_3¨vÄÊ©aÐN¬ª«_¬vÉÊØa|ÉÊ_¬+ÚÇÈ_ÄÊÄÌ|ÖZ %









































vars(P ) = {x, y}
Þv|ÉÌÐÇÈNÉÊ¬º8vÇÈÄÌÄÌ|ÖÉÊ¬vº3ª
_¬©ÉÊÉÌ¬/%
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 MpÇ
vars(P ) ∩ vars(Q) = {x}
vg¬





∀(a, b) ∈ P × Q, a|{x} ≤ b|{x} ⇒
∃(a′, b′) ∈ P × Q,a′\{x} = a\{x} ∧ b
′
\{x} = b\{x}∧







































vars(P ) ∩ vars(Q)
ª«Ù|
∀x ∈ I, Q ≤x P
 ¬©
∀y ∈ O, P ≤y Q
Õ MpÇÇÈ ÄÌÄ
x ∈
vars(P ) ∩ vars(Q)
%
∀(a, b) ∈ P × Q,
(∀x′ ∈ I, a|{x′} < b|{x′} ∧ ∀y
′ ∈ O, a|{y′} < b|{y′}) ⇒
∃(a′, b′) ∈ P × Q,
a\(I∪O) = a
′
\(I∪O) ∧ b\(I∪O) = b
′
\(I∪O)∧
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alarm = (full1 ∧ . . . ∧ fulln) when xP
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P = Q ⇒ P ∗ = Q∗
·Õ
P ∗ = Q∗ ⇔ P ≶ Q
Õ
±vÕ
P = (P ||s Q)|X ⇔ P|X∩Y = Q|X∩Y
ÞvÖ




P ||s P = P²Õ
P ||s Q = Q ||s P
vÕ
P ∗ ||s Q
∗ = (P ∗ ||s Q
∗)∗





P ∗ = Q∗ ⇒ ∀b ∈ P∃c ∈ Q, b ≶ c
%
∀b ∈ P, b ∈ P ∗ ⇒ ∀b ∈ P, b ∈ Q∗ ⇒




P ∗ = Q∗ ⇒ ∀b ∈ Q∃c ∈ P, b ≶
c
Õ ë :v v:ÉÌ3¨vÄÊÉÅª ÉÌ¬ ÇvÉÅÉÊgÞÖÝRÎ_
∀b, b ∈ P ∗ ⇒
∃b′ ∈ P, b ≶ b′ ⇒
∃(b′, c) ∈ P × Q, b ≶ b′ ∧ b′ ≶ c ⇒
∃c ∈ Q, c ≶ b ⇒ b ∈ Q∗âº_ ÉÌ¬&Þv©KM33
_ÞÖÝRÎ_




























∃b ∈ P, aX∩Y = aX∩Y
 ¬©ªgª
_©ÉÌ¬vº83vÐr¨vÉÌ¬
b ∈ (P ||s Q)|X
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P ∗ ||s Q




(P ∗ ||s Q
∗)∗ ⊆ P ∗ ||s Q
∗ Õã/
 X = vars(P ) Þ Y = vars(Q)  ¬© I = X ∩ Y Þv¬ÖÚRÎ %
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a ∈ (P ∗ ||s Q
∗)∗ ⇒ ∃a′, a′ ∈ P ∗ ||s Q
∗ ∧ a′ ≶ a ⇒








′ ≶ a ⇒








′′, a′′ ≤ a′ ∧ a′′ ≤ a ⇒








′′ ≤ a′ ∧ a′′ ≤ a ⇒
∃(b, c) ∈ P ∗ × Q∗,
b|X = a|X ∧ c|Y = a|Y ,∧a
′′ ≤ a′ ∧ a′′ ≤ a ⇒
a ∈ P ∗ ||s Q
∗







P v P ||a P·Õ
P ||a Q = Q ||a P
 é ¿ é & &xÀ¿ æ( 
_Õ
b ≤ c ⇔ b v c·vÕ
b ≤ c ⇔ b[y/x] ≤ c[y/x]  
P ¿ é&éé ¾  åNé ¿ å    +-   ´Nv¨v¨G_3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x ∈ X ∩ Y
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∀a, a ∈ ((P [x/xP ] ||≤,a Q[x/xQ])|
AFifoxP →xQ)\{xP ,xQ} ⇒
!i
ÇÕß±
∃b, b\{xP ,xQ} = a∧
b ∈ P [x/xP ] ||≤,a Q[x/xQ]∧
b|{xP ,xQ} ∈ AFifoxP →xQ) ⇒
!ÇÕß¹
b\{xP ,xQ} = a∧
b ∈ P [x/xP ] ||≤,a Q[x/xQ]∧
b|{xP } ≤ b|{xQ} ⇒
!i
ÇÕ )
b\{xP ,xQ} = a∧
b\{xP ,xQ}(P ||≤,a Q)\{x} ⇒
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a ∈ (P ||≤,a Q)\{x} ⇒
∃b, b\{x} = a ∧ b ∈ (P ||≤,a Q)
!ÇÕ )
∃(c, d) ∈ P × Q,
c\Y ≶ b\Y ∧ d\X ≶ b\X∧
c|X∩Y v b|X∩Y ∧ d|X∩Y v b|X∩Y ∧
P ≤x Q ∧ ∀y, P ≤y Q ⇒ c|{y} ≤ d|{y}
∀z, Q ≤z P ⇒ d|{z} ≤ c|{z} ∧x ∈ X ∩ Y
c\Y [xP /x] ≶ b\Y [xP /x]∧
d\X [xQ/x] ≶ b\X [xQ/x]∧
c|X∩Y [xP /x] v b|X∩Y [xP /x]∧
d|X∩Y [xQ/x] v b|X∩Y [xQ/x]∧
c[xP /x]|{xP }[xQ/xP ] ≤ d[xQ/x]|{xQ}∧
∀y ∈ (X ∩ Y ) \ {x},
P [xP /x] ≤y Q[xQ/x] ⇒
c|{y}[xP /x] ≤ d|{y}[xP /x]∧
∀z ∈ X ∩ Y,
Q[xP /x] ≤z P ⇒
d|{z} ≤ c|{z}
!ÇÕ )  ±
b\{x} ∈ ((P [x/xP ] ||≤,a Q[x/xQ])
|AFifoxP →xQ)\{xP ,xQ} ⇒
a ∈ ((P [x/xP ] ||≤,a Q[x/xQ])|
AFifoxP →xQ)\{xP ,xQ}















((P [x/xP ] ||a Q[x/xQ]) ||s AFifoxP →xQ)\xP ,xQ





vars(a) = vars(b) = {x}
ÞWÉÊÇ
∀i ∈
 	 , t(a(x)i)  t(b(x)i+n) Þv¬ ∀t ∈ T, |[b(x)]t| ≤ n + |[a(x)]t| Õ
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